Background It is difficult to capture the exact time of pubertal initiation in normal children, including the detailed patterns of physical development, the cut-off values of hormone changing at pubertal initiation and maturation.
Introduction
It is difficult to capture the exact time of initiation of puberty in normal children, such as when breasts in girls and testicles in boys begin to grow, especially in boys. As a result, research on the detailed patterns of physical development during puberty and the cut-off values and changes of hormones at initiation of puberty and developmental maturation is rare. It is generally believed that hormonal changes during puberty are a direct result of the stimulating effect of luteinizing hormone (LH) on initiation of puberty (1; 2); thus, LH is widely accepted as an indicator to evaluate initiation of puberty. However, researchers haven't yet to reach an agreement on the cut-off value of LH, especially in boys. The previous reference value was based on inquiries regarding signs and symptoms and laboratory tests on blood samples. For example, information on when breasts begin to develop in girls (at approximately 10 years of age), when testicle volume begins to increase in boys (at 11.5 years of age), and the age of initial menstruation in girls and seminal emission in boys are obtained through inquiry instead of observation. Hence, the data provide a time frame (time interval), rather than a time point, and it is difficult to quantify the time frame. Therefore, the exact time of initiation of puberty is uncertain when it is determined based on the initial onset of secondary sexual characteristics or growth spurts or serum hormone levels (3) . As a result, it is difficult to determine precise cut-off values for initiation of puberty from previous studies (4, 5) . Moreover, the reference cut-off values for initiation of puberty vary greatly between boys and girls (6) , theoretically, the values of boys and girls should be similar. Is this difference due to gender differences? Or is it because the onset of puberty in boys is more difficult to detect, leading to the delay of the measured time point?
Although it is not easy to detect initiation of puberty in boys, it is easy and precise to determine testicle volume and penis length (7) . Testosterone (T) level is usually concordant with changes in secondary sexual characteristics in boys, whereas the link between oestrogen level and physical changes is weak in girls. It is more reliable and practical to investigate Tanner staging and T levels to determine and identify puberty in boys (7) . Some recent studies have shown that besides LH and follicle-stimulating hormone (FSH), anti-Mullerian hormone (AMH) and inhibin B (INH-B) are also involved in the initiation of puberty (11; 12) . Hence, a series of hormonal changes are responsible for initiating puberty; however, systematic research on these changes is lacking. Therefore, in this study, we recruited congenital hypogonadotropic hypogonadism (CHH) patients to be a model to prospectively study the initiation and developing of their puberty with exogenous GnRH, getting the physical characteristics and hormones changes during the induction of puberty and to determine the cut-off values of hormones in the HPG axis during three stages: initiation, development, and maturation. GnRH pump therapy is safe and effective; but it is important to determine whether pump therapy is indicated for patients with pituitary disorders. We further discussed the pump treatment indication of CHH. 
Materials And Methods

Clinical data:
(1) They were examined at baseline and followed-up at weeks 1 ± 1 day, 4 ± 2 days, and 12 ± 2 days after treatment, then followed up every 3 months till 12 months. An increased Testosterone when testicle volume was greater than 3 ml was used as the indicator for initiation of puberty.
(2) Data collection: height, weight, body mass index (BMI), PL and testicle volume, biochemistry, hormones; (4) LHRH stimulation test(15); 2.
1.4 Protocol for GnRH pump pulse therapy (13):8-10∝ g of GnRH (200∝ g/mL) was injected every 90 minutes with a pump. If any side effects occurred or T > 500 ng/dl, the dose of GnRH was reduced accordingly.
3.
ROC curve:
Receiver operating characteristic (ROC) curve was used to determine the cut-off hormones value at the initiation of puberty, which were used to evaluate the time points of initiation, development, maturation. The area under the curve (AUC) was used to identify the cut-off value. A cut-off value of hormone had a diagnostic value when the AUC was greater than 0.8 and p < 0.05. A value with a certain level of sensitivity and specificity was used as the cut-off value. HPG axis initiation was considered when a relationship between LH and T was established, so the ROC curve plotted when approximately 50% of the patients showed an HPG initiating. Maturation was considered when feedback of the HPG axis was established and GnRH reached the peak and no longer rising.
Statistical analysis
This was a prospective cohort study in which sex hormones levels were compared before and after continuous LHRH pulse therapy. GraphPad Prism v5 was used to plot curves. SPSS v17.0 was used for statistical analysis. Repeated measures analysis of variance was performed to analyse hormonal changes at different time points before and after treatment in the same patient.
Determination of hormone levels
A MAGLUMI® 2000 instrument was used to perform radioimmunoassay to determine the levels of T.
A Roche e601 instrument was used to perform chemiluminescence assays to determine the levels of LH, FSH, AMH and INH-B.
1.8. The study was approved by the ethics committee of Beijing Children's Hospital, which acts in compliance with ethical standards defined by the Declaration of Helsinki. Written consent for research purposes was provided by all participants and their parents or legal guardians.
Results
1.
General information A total of 24 patients with HH (KS17) were included in this study. LHRH stimulation test (15) LH peaked at 30 minutes and FSH at 60 minutes after LHRH stimulation. We take values at these 2 points respectively to study ROC.
Stimulated Hormones Profiles
Stimulated LH did not rise until week 4, but FSH increased significantly at week 1 and stabilized by week 4. LH/FSH ratio decreased at week 1, began to increase at week 4, and stabilized at week12. Testosterone began to rise at week 4. These results indicated that puberty was initiated by week 4, and developmental maturation was achieved by week12. 
Discussion
Many factors are involved in the initiation of puberty, which is a result of the interaction between multiple neural nuclei in the brain and hypothalamic neuroendocrine cells and is subject to the effects of environmental and metabolic factors (8-10; 13; 16) . It is a challenge to investigate puberty because it is not easy to capture the exact puberty initiation time individually. Continuous LHRH pituitary pulse therapy of CHH patients mimics the process of puberty. This prospective study with highly homogeneous patients, regularly sample and physical data taking, assured the results reliable. We got the initiation-developing-maturation anthropometry and cut-off values of each phase provided a useful reference for the diagnosis of early and delayed puberty. Some studies on hormone levels at different Tanner stages have shown somewhat different values from this study (17) (18) (19) . We consider the previous studies were crosssectional descriptive study, whereas this was a prospective longitudinal study of hormone levels, which reflected dynamic changes in hormone levels. Therefore, the results of this study are more precise and reliable.
The cut-off values in this study were similar to the reference values of girls (6), suggesting no significant difference in cut-off values of hormone levels for the initiation of puberty between boys and girls. This study also compared the starting and maturing stages of HPG levels of hormones with adult reference (20) , no significant difference were shown. It is suggested that once the feedback HPG axis was activated, there are no significant differences in hormones after stimulation.
Basal LH 1. 32 maintain high from infancy to adulthood, suggesting that AMH was the real inhibitor of the HPG axis, consistent with the findings of previous studies that showed that AMH peaked before puberty (G1), began to decrease during G2, and remained at low levels during G3
and thereafter (maturation stage) (19) . 
Hormonal changes and cut
Pituitary response
GnRH pump therapy is safe and effective(13); but it is important to determine whether pump therapy is indicated for patients with pituitary disorders. GnRH pulse therapy (draft) T, AMH, and INH-B. we didn't study some recently new biomarkers such as insulin-like growth factor-3 and Kisspeptin, they were raised as related to the initiation of puberty and developmental maturation in boys with interactions with LH and FSH (29) (30) (31) (32) .
Conclusions subheading
We got the changes of puberty hormones in CHH boys. In clinic, we can use these hormones to further judge the adolescent development of boys. 
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